ABSTRACT The French 2-tier box trap was evaluated in northwestern Florida to determine its attractiveness to host-seeking tabanids (Diptera) when baited with either CO 2 alone; a 4:1:8 mixture of octenol, 3-n-propylphenol, and 4-methylphenol; or a combination of CO 2 plus 4:1:8 mixture. Six genera representing 43 species were obtained from this trap. Chrysops and Tabanus made up 10.3 and 87.4% of the total, respectively, with Chrysops celatus Pechuman and Tabanus pallidescens Philip as the predominate species from these two genera. CO 2 alone and in combination with the octenol/phenol mixture enhanced overall tabanid collections three-to four-fold compared with no odor. Generally, more species were collected in the top tier of the French 2-tier trap regardless of treatment. Those species that showed a signiÞcant difference between top and bottom tiers in traps without odors continued this trend when traps were baited with the semiochemicals. However, Tabanus mixis Philip showed no tier preference in traps baited by CO 2 alone, whereas Tabanus lineola F. showed no stratiÞcation difference with or without odors.
In northwestern Florida, several species of host-seeking Chrysops (Diptera) are annual pests of humans during late spring and early summer (Jones and Anthony 1964, Cilek and Schreiber 1996) . As a group, these ßy pests are difÞcult to lure into traps. Sampling is usually laborintensive, often requiring capture by aerial net around a moving human subject. A variety of stationary traps have been used for sampling Tabanidae, as well as attempting to use these devices to control host-seeking individuals, such as Canopy (Catts 1970 , Axtell et al. 1975 , Malaise (Townes 1962) , Manning or New Jersey box (Granger 1970 , Hansens et al. 1971 , Wall and Doane 1980 , Manitoba (Thorsteinson et al. 1965) , and Nzi (Mihok 2002) . Moreover, a few stationary traps have been developed commercially for the purpose of managing pestiferous populations of horse and deer ßies on horses and cattle, e.g., Horse Pal (Newman Enterprises, Omro, WI), based on the conÞguration of the Manitoba trap, and Epps Biting Fly Trap (Horseline Products, Inc., Henderson, TN), a series of vertical-oriented black canvas panels associated with water-Þlled troughs. The ßyway entrance into most stationary traps is often no Ͼ0.5Ð0.75 m from ground surface. As a result, these traps may preferentially capture ßies that seek feeding sites on hosts at this height, often collecting more Tabanus. and related genera, than Chrysops. Conversely, Snoddy (1970) and Dale and Axtell (1976) found that adhesive-treated black or red helium-Þlled weather balloons or black panels, respectively, placed 1.2Ð1.6 m above the ground captured up to several hundred Chrysops spp. per day. French and Hagan (1995) later hypothesized that a stationary box trap, elevated to human head height, may collect more pest Chrysops. Subsequently, they combined two box traps into one to form an upper and lower trap and reported that their "two-tier box trap" collected large numbers of Tabanus and Chrysops when placed adjacent to a salt marsh in coastal Georgia (French and Hagan 1995) . In northwestern Florida, we evaluated this trap for its effectiveness in capturing Chrysops and other tabanids when baited with either CO 2 , a 4:8:1 tsetse ßy attractant mixture of 1-octen-3-ol, 3-n-propylphenol, and 4-methylphenol, or a combination of both. These substances have previously been used by others to enhance tabanid collections in stationary traps (Roberts 1971 , 1975 , French and Kline 1989 , and Foil and Hribar 1995 . In this article, the two-tier box trap will be referred to as the "French 2-tier box trap" in honor of its originator Frank French, Georgia Southern University (Statesboro, GA).
Materials and Methods
The study site was located on a tract of land controlled by the Northwest Water Management District of the State of Florida (known as the Harder tract) along EconÞna Creek in north Bay Co., FL. The area consisted of a mixture of mesic upland and bottomland forest, primarily composed of eastern red cedar (Juniperus virginiana L.), slash pine (Pinus elliotii Ex. Chapm.), magnolia (Magnolia grandiflora L.) Sweetbay (Magnolia virginiana L.), and live oak (Quercus virginiana Mill.).
Four French 2-tier box traps, as described by French and Hagan (1995) , were used. Brießy, each trap consisted of four sloped plywood (0.6-cm-width) panels 0.6 Ð 0.8 m (height) by 1.2 m (width) combined with four 0.6 m (height) by 1.2 m (width) panels that formed a top and bottom square tier separated by 0.5 m (Fig. 1) . The bottom tier was 0.7 m from ground surface. Outside panel surfaces of the top tier were painted solid ßat white (Glidden Evermore exterior 100% acrylic latex ßat pure white HD6111, ICI Paints, Cleveland, OH) and the bottom tier solid ßat black (Glidden Evermore exterior 100% acrylic latex ßat black HD6146, ICI Paints). Interior surfaces were painted acrylic latex ßat white to allow easy visualization of the inside. An inßated glossy black beach ball (34-cm inßated diameter) was suspended below the center of each tier as a decoy. The top surface of each tier was covered with black plastic window screen (18 by 14 mesh) that allowed an inverted plastic powder funnel (15.0-cm-diameter outer edge; 2.5-cm spout diameter, Fisher ScientiÞc, Pittsburgh, PA) to be located on top of the highest corner for collection. This funnel was seated onto a 23-cm 2 Plexiglas square, with a 15.0-cm hole cut in it and glued onto the screen. A 2-liter plastic drink bottle, with a 4-cmdiameter hole in the middle of one side, was placed over the funnelÕs spout as a collector (Fig. 1C ). Traps were located 33 m from each other and positioned with the high end corners facing south (as suggested by French and Hagan 1995) along a dirt road that ran between the forest edge and adjacent grassy pasture.
Treatments consisted of CO 2 only, an octenol/phenol mixture (4:1:8 ratio of 1-octen-3-ol:3-n-propylphenol:4-methylphenol), a combination of CO 2 plus the octenol/phenol mixture, and no odor (control). CO 2 release rate was 500 ml/min delivered from 9-kg compressed gas cylinders with a FLOWSET 1 pressure regulator (Clarke Mosquito Control Products, Inc., Roselle, IL). The octenol/phenol mixture was released from a 16-ml screw-capped glass vial by using a single wick (Dills pipe cleaner, United States Tobacco Sales and Marketing, Greenwich, CT) that protruded Ϸ1 cm from a 0.3-cm-diameter hole in the cap. During the study, release rate of the mixture averaged 2.3 Ϯ 0.2 mg/h, and it was determined by weighing each vial just before and after deployment in the Þeld divided by the amount of time in the Þeld (usually 24-h). The hose that delivered the CO 2 , as well the vial with attractant, was suspended by a wooden dowel placed in the middle of the top tier of each trap. The top of each vial was covered with a wind and rain shield made from the upper thirds of a 2-liter plastic drink bottle as described by French and Hagan (1995) . A 4 by 4 Latin square experimental design was followed that consecutively rotated all treatments between four locations on a weekly basis (Cochran and Cox 1957) . The initial starting location for each weekly rotation was randomly assigned. Eleven complete rotations were conducted from 13 April through 25 June 1999 when tabanids were generally most abundant in northwestern Florida (Jones and Anthony 1964) . All treatments and controls were collected at 24 h. IdentiÞcation of trap collections used the taxonomic keys of Jones and Anthony (1964) , Drees et al. (1980) , Goodwin et al. (1985) , and Fairchild and French (1999) . In addition, specimens were sent to John F. Burger (University of New Hampshire, Durham, NH) for conÞrmation of identiÞcations. Voucher specimens were deposited in the Florida A & M University, entomology collection, at Panama City, FL.
Statistical Methods. Mean number of species as well as individuals per treatment [pooled and by species after log 10 (x ϩ 1) transformation] were separately subjected to analysis of variance (ANOVA) (PROC GLM, SAS Institute 2001). A sufÞcient number of individuals were collected from the traps that allowed meaningful comparisons for the following species: Chrysops celatus Pechuman, Tabanus lineola F., Tabanus mixis Philip, Tabanus pallidescens Philip, Tabanus petiolatus Hine, and Tabanus pumilus Macquart. The StudentÐNewmanÐKeuls test was performed on these mean data to determine signiÞcant differences among treatments (pooled and by species) (Cochran and Cox 1957) . This test also was carried out on mean number of total species among treatments. In addition, a two-way ANOVA (PROC GLM, SAS Institute 2001) was performed on log transformed species data to compare collection abundance from top and bottom tiers with location and treatment as main effects and their interaction. A two-tailed, paired t-test was performed to any determine differences between location within treatment for each species (Croxton and Cowden 1950) . Untransformed mean data are reported in all tables. Differences in all analyses were considered signiÞcant at P Յ 0.05.
Results
In total, 43 species from six genera were obtained from the traps (Table 1) . Chrysops and Tabanus made up 10.3 and 87.4% of the total collection, respectively, with C. celatus and T. pallidescens the predominate species.
Regardless of tier position, signiÞcantly more species were collected from traps baited with CO 2 alone or in combination with the octenol/phenol mixture compared with other treatments, whereas traps baited with only the mixture collected signiÞcantly more species than without odors (F ϭ 4.73; df ϭ 43, 352; P Ͻ 0.0001). Overall abundance of individuals was signiÞcantly greater in traps baited with CO 2 alone, or in combination with the octenol/phenol mix, compared with other treatments (Table 2) . At the species level, this same trend was observed for C. celatus, T. pallidescens, and T. petiolatus. Collections of T. mixis signiÞcantly increased in traps baited only with the CO 2 plus octenol/phenol combination compared with other treatments. T. lineola abundance was signiÞcantly greater when CO 2 was used alone or with the octenol/phenol mixture compared with no odor, but there was no difference in those collections when compared against the mixture alone. T. pumilus abundance was signiÞcantly greater only in traps baited with the CO 2 plus octenol/phenol mixture compared with no odor. No signiÞcant difference existed in trap abundance for this species when this combination was compared with the octenol/phenol mixture only or CO 2 alone.
Overall, signiÞcantly more species were collected in the top tier of the trap compared with the bottom tier (t ϭ 25368.0, n ϭ 352, P Ͻ 0.0001). C. celatus, T. petiolatus, T. mixis, and T. pumilus were collected in signiÞcantly greater abundance from the top tier from traps without odors (Table 3) . Conversely, T. pallidescens was collected in greater numbers from the bottom tier, whereas T. lineola did not show a height preference in the absence of odors. Generally, those C. celatus 2.3 Ϯ 0.5a 4.6 Ϯ 1.2b 2.2 Ϯ 0.5a 4.4 Ϯ 0.8b T. lineola 0.6 Ϯ 0.1a 1.8 Ϯ 0.3b 1.3 Ϯ 0.3ab 2.2 Ϯ 0.5b T. mixis 0.9 Ϯ 0.2a 1.9 Ϯ 0.5a 1.9 Ϯ 0.5a 5.8 Ϯ 1.5b T. pallidescens 8.6 Ϯ 2.1a 53.1 Ϯ 14.7b 11.0 Ϯ 2.9a 60.3 Ϯ 13.4b T. petiolatus 6.0 Ϯ 1.4a 13.1 Ϯ 1.9b 6.6 Ϯ 0.9a 17.3 Ϯ 2.4b T. pumilus 4.8 Ϯ 1.3a 8.3 Ϯ 2.0ab 6.6 Ϯ 1.5ab 8.9 Ϯ 2.2b
Means within a row, for each species, followed by the same letter are not signiÞcantly different (P Ն 0.05) by using StudentÐNewmanÐ Keuls mean separation test (Cochran and Cox 1956) .
species that showed a signiÞcant difference between top and bottom tiers in traps without odors continued that trend when traps were baited with any of the semiochemicals (Table 3) . However, T. mixis showed no tier preference in traps baited by CO 2 alone, whereas T. lineola showed no stratiÞcation difference with or without odors. Most tabanid species did not exhibit a signiÞcant tier location by treatment interaction with the exception of T. pallidescens where location did inßuence treatment abundance (F ϭ 6.33; df ϭ 7, 344; P ϭ 0.0003).
Discussion
Carbon dioxide alone or in combination with the octenol/phenol mixture signiÞcantly enhanced overall abundance in tabanid collections from the French 2-tier trap compared with the mixture alone or no odor. Depending on species, the combination of these semiochemicals often increased collections as much as sevenfold. Other authors have reported similar increase in collection abundance when stationary traps were supplemented with carbon dioxide (Roberts 1971 (Roberts , 1975 Blume et al. 1972; Allan et al. 1987; Schreck et al. 1993) . Moreover, French and Kline (1989) reported a signiÞ-cant increase in total tabanid species and abundance when canopy traps were baited with octenol and dry ice compared with dry ice alone. Generally, in our study, no signiÞcant difference was observed in trap abundance when the combination of CO 2 plus octenol/phenol mix was compared with CO 2 alone. Hayes et al. (1993) reported similar results from box traps baited with a mixture of CO 2 plus octenol compared with CO 2 alone. Also, our study showed that overall tabanid abundance from traps baited with only the octenol/phenol mixture was often no different than traps without an odor. Foil and Hribar (1995) found similar results in one trial with canopy traps in Louisiana, but in a second trial they observed the opposite. Conßicting reports on relative effectiveness of similar attractants within and between studies are probably related to a variety of factors including: study location, meteorology, trap type, evaluation methodology, as well as speciÞc differences associated with temporal and seasonal behavior of an individual species.
Generally, more species and a greater number of individuals were collected from the top portion of the French 2-tier trap (composed of white panels) compared with the bottom tier (black panels). This is consistent with the observations of Allan et al. (1987) ) who stated that strongly contrasting objects against a background enhances attractiveness to host-seeking tabanids. Moreover, the top white panels may have accentuated the visibility of the black ball suspended underneath. We do not discount movement of the ball as an additional attractive feature of this trap, but its importance in attraction to some host-seeking tabanids seems to be contradictory (Allan et al. 1987 ). However, feeding location on hosts may be the primary factor that inßuences the height at which these ßies enter a trap. Mullens and Gerhardt (1979) reported that vertical stratiÞcation of feeding sites on cattle were inßuenced by mean hair depth and tabanid mouthpart length, which partially explained landing site selection of several Hybomitra, Leucotabanus, and Tabanus species. Allan and Stoffolano (1986) stated that the success of black box traps to capture large numbers of Tabanus nigrovittatus Macquart seemed to be related to the preference of these ßies to feed on the underside of hosts. Moreover, orientation to carbon dioxide concentration (emanating from the head region) as well as host defensive behavior (e.g., action of the tail, head swinging, violent stamping, and kicking) are additional factors that may govern partitioning of feeding location and should be considered when using stationary traps Gerhardt 1979, French and Hagan 1995) . Regardless, based on our data additional studies are needed to draw more deÞnitive conclusions about behavioral biases relative to tier height in the French 2-tier box trap.
In conclusion, the French 2-tier box trap (baited with CO 2 and the octenol/phenol mixture) collected the broadest variety of tabanid species, including several species of human-biting Chrysops previously only For each species and treatment, means between positions (i.e., top and bottom) followed by the same letter are not signiÞcantly different (P Ն 0.05) by using the two-tailed paired StudentÕs t-test (Croxton and Cowden 1950). obtainable by netting around humans. French and Hagan (1995) indicated that one of the desirable qualities of this trap is that it should catch a substantial amount (e.g., 50 Ð100) of Chrysops per day. Although that rate was not obtained in our study, the collection of several hundred total Chrysops (including Ͼ9,000 Tabanus and related genera) during the 11-wk study was encouraging. The placement of several French 2-tier box traps, baited with the 4:1:8 mixture and carbon dioxide, strategically placed along ßyways in recreational areas (e.g., golf courses and parks) to trap out pestiferous populations of tabanids remains to be investigated but may prove to be useful in managing these biting pests.
